No previous work on the toxicity of increased oxygen tensions in the respired air has been conducted under conditions in which all other factors were constantly and perfectly controlled, and most of the investigations upon this subject have been based upon data obtained from observing a limited number of animals. The possession of a large chamber, susceptible to accurate and steady adjustment, has made it possible to carry out decisive experiments on large groups of animals. The first project to which this new apparatus has been devoted consisted of observations on the life history of a standard laboratory animal living for prolonged periods in an environment normal in all respects except for the increase in the oxygen tension of the air. It was our intention to determine whether or not any acclimatization could be produced against the toxic action upon the lungs of high oxygen tensions and, if so, what changes in the animal were responsible for this adaptation. The data we have accumulated deal with a single species, the standard albino rat, bred from Wistar Institute stock, exposed to compressed air having an oxygen tension of 635 ram. of mercury equivalent to 83.6 per cent oxygen at normal barometric pressure.
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E X P E R I M E N T A L
A. The High Pressure Chamber.--A detailed description of the construction, operation, and experimental capabilities of the apparatus used in this research has been published by Thomson (i) . The pressure chamber consists of a ½ inch thick steel cylinder, 31 feet long and 8 feet in diameter. It is divided into three compartments, each of which may be used independently of the others. The center compartment is the smallest and is known as the lock. By means of it one may enter and leave the high pressure end compartments in which the animals are kept, without altering the conditions of their environment. Two electrically driven air compressors located in an adjoining room supply air at the desired pressure and volume flow to the pressure chambers. After leaving the compressors the air passes through an automatically controlled air-conditioning apparatus where it is scrubbed and brought to predetermined dry and wet bulb temperature readings. Continuous written records of the air pressure and dry and wet bulb temperatures were obtained automatically during the entire experiment.
B. Conditions of the Experiment. 1. Barometric Pressure.--Increasefl oxygen tension and increased barometric pressure were the two possible abnormal factors in these experiments. Many authors (2, 3,1 4-9) have presented concise evidence that the increased oxygen tension, and not the barometric pressure, was responsible for the symptoms of poisoning found under such conditions. The results of our experiments have confirmed these earlier observations, and therefore it may be assumed that the only factor varying from the normal in our experiments was the oxygen tension. The barometric pressure in the experimental chamber was maintained at 3040 mm. Hg for 30 days in the first experiment. In the second, this same pressure was held for 72 days except for approximately 1 hour each day, when it was reduced to 2280 mm. Hg while observers entered the animal chamber. This was done in order to lessen the time necessary for the decompression of attendants from 82 minutes to 32 minutes. The results of each experiment were identical, showing that this transient variation had no effect upon the animals. The oxygen tension, therefore, was approximately 635 mm. Hg or 83.6 per cent of an atmosphere, except for the temporary daily drop to 60 per cent during the second experiment.
6. The Albino Rat.--The albino rat is a standard laboratory animal whose life history is accurately known. Although sporadic cases of pulmonary infection are found, they occur in a relatively small percentage of animals. The life cycle is completed rapidly, and it is therefore possible to observe the reaction of the animal as it passes from adolescence to maturity.
Number of Animals
Employed.--At the beginning of these experiments 147 animals of representative age groups and sexes were selected for observation. Twenty-one of these were killed and autopsied to give normal tissue sections to serve as controls for a pathological study. During the course of the experiments 97 rats were born and observed for varying periods of time under the prevailing experimental conditions, making a total of 244 animals studied.
8. Care of Animals.--All rats were cared for in the same manner. Two standard diets were employed, each being used alternately. ~ Daily feedings were maintained at all times except on Sundays and holidays. In addition to the standard diets lettuce and fresh whole milk were given daily. 20 to 30 cc. of cod liver oil were added per liter of milk twice a week. No more than eight rats were housed in a single cage, 2 feet square and 1 foot high. A certain number of cages was changed daily, so that all animals had clean quarters at least once a week. 
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A liberal amount of wood wool was supplied to absorb the moisture and provide nesting material. Especial care was taken in the handling of the animals. They were fondled daily and were absolutely gentle during all observations. Rats are exceptionally responsive to this kind of treatment, and their behavior served as an important index of the general well-being. If in good health all animals clung to the front of the cages when observers entered the chamber. They displayed intense interest in the feeding procedures and daily weighings. When ill all such interest disappeared, and the animals became markedly apathetic, failing to respond even when the cages were opened.
9. Accumulation of Data.--Weighings were made under pressure on a directreading, Toledo, springless balance. Two light aluminum boxes were constructed to hold about ten rats, so that all in one cage could be weighed at once, thus eliminating individual weighings. A small number of animals were weighed individually. Daily notes were made regarding the condition of the rats, and any dead or obviously dying animals were removed for autopsy. The details of the pathological findings are reported in a second publication (11) . In order to avoid caisson disease the stage decompression table compiled by Boycott, Damant, and Haldane (12) for the British Admiralty was followed. Neither observers nor animals showed the slightest evidence of nitrogen bubble formation.
The Effect of the First Exposure to Increased Oxygen Tension
A. Acute Oxygen Poisoning.DMany authors (2, 4, 5, 7, 8, 11, 13, (14) (15) (16) (17) (18) have showed that the damage from acute poisoning by oxygen in concentrations such as we have provided is centered in the lungs. Active hyperemia and pulmonary edema dominate the picture. The significant fact brought out by our observations is the comparative immunity of young rats to an oxygen concentration which invariably causes serious illness or death in adults. By young rats we refer to animals from birth to 3 months of age. After the 3rd month rats still display a degree of the resistance to high oxygen concentrations which is characteristic of early life, but this quality diminishes steadily and by the 6th month is gone. Faulkner and Binger (19) found that young turtles were less susceptible to oxygen poisoning than were adults, but the differences reported were not so definite as we have found in rats.
Old Rats (over 3 Months of Age).--The animals lived in the
experimental chamber under normal atmospheric conditions for 5 days prior to compression. They were in excellent condition during this period, and their weight curves showed a normal upward trend (Text- fig. 1 ). On the 6th day the air pressure was gradually raised to 3040 mm. Hg within an hour, and remained at this point for 30 days in the first experiment and 72 days in the second. The results of both experiments were identical, and for the sake of simplicity they will be considered together in the presentation of data.
All rats were in excellent health until the 3rd day of exposure. A t this time several were found to be weak, apathetic, and dyspneic. They showed no interest in the feedings. The majority, however, were still in good health. The weight curves showed that since the beginning of exposure the normal growth rate had decreased in some of the groups of animals (Text-fig. l, Curves 2, 3, and 4).
During the 4th day the symptoms of acute oxygen poisoning became marked in all, and the characteristic pathological findings were present (11) . There was an average loss of 10 to 15 gm. in weight from the 3rd day. The rats were acutely ill, and showed extreme respiratory embarrassment and hyperpnea. Various degrees of cyanosis were present. There was practically no food consumption during the preceding 24 hours (Text- fig. 3 , Curve 2), and the mortality rate was 13 per cent, all the deaths occurring on the 4th day (Table I) .
On the 5th day most of the surviving rats were in good condition but had continued fasting during the preceding 24 hours (Text- fig. 3 , Curve 2).
By the 6th day all rats were in excellent health objectively, and the pathological changes found on the 3rd and 4th days had almost disappeared. They were eating again, but the food consumption was only half the amount prior to exposure, and the original loss in weight persisted with slight fluctuations.
Young Rats (under 3 Months of Age).--These animals did not
show objective signs of acute oxygen poisoning at any time during exposure. They continued to be exceedingly active and playful, and their appetite was good. In contrast with old rats they showed no loss in weight, yet there was a definite depression of the normal growth rate.
Young adult rats from 100 to 150 days of age reacted in an intermediary manner to that described above. Symptoms of illness were observed during the acute stage of pulmonary edema on the 3rd and 4th days, but the animals remained in much better condition than older rats. There was less loss in weight and a much lower mortality rate (Text- fig. 1 , Curve 3; Table I , Group 4, 4th day of exposure).
The difference in the effect of 83.6 per cent oxygen on old and young animals can be correlated with a difference in lung structure (11) . This difference is essentially a far greater cellularity of the alveolar walls in young rats.
B. Prolonged Exposure.--During the 2nd week all rats continued in good condition, although the weight of the older ones remained at the low level established on the 4th day of exposure (Text- fig. 1,  Curves 2, 3, and 4) . The young rats were gaining in weight (Text- fig. 1, Curve 1) . The food consumption continued to be about half the amount prior to exposure (Text- fig. 3 , Curve 2).
Sporadic cases of illness appeared early in the 3rd week in old rats. The animals affected had a poor appetite, lost weight rapidly, became dyspneic, apathetic, inactive, weak, and eventually died of a bronchopneumonia. The incidence of this disease was practically the same as that of the sporadic respiratory infection found in supposedly normal rats, although in the latter it did not progress further than lobar atelectasis and purulent bronchitis (11) . Cases of chronic bronchopneumonia were found during the remainder of exposure in roughly 22 per cent of the rats. Eleven died at various times without showing any evidence of bronchopneumonia; in all these there was considerable fibrosis in the lungs apparently referable to the acute experience suffered on the 3rd and 4th days. The final cause of death in these animals cannot be given.
With the exception of the animals dying as has been described, the rats remained in good health after the 1st week, but they were not entirely normal. Food consumption and weight were low, indicating that although nothing seriously wrong could be detected on daily inspection, some definite influence was operating steadily to keep them in a slightly subnormal state. Such animals, when killed and examined microscopically, always showed changes in the lungs--most characteristically an increased cellularity, so that the lungs resembled those of young animals (11).
On the 72nd day the exposure was discontinued. During decompression or within 24 hours afterwards, thirteen, or 28 per cent, of the rats surviving the 72 days exposure died (Table I ). All showed marked degrees of lung damage, and in the majority it was due to bronchopneumonia. No paralyses were observed, and none of the
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deaths could be attributed to caisson disease. The animals that lived through decompression were in good health and showed no bronchopneumonia at subsequent autopsies (11) . A temporary loss in weight followed removal to normal air. During the next few weeks a great increase in growth occurred, being most rapid the first few days after the conclusion of exposure (Text-figs. 1 to 3). The gain in weight averaged 40 to 50 gin.
Adaptation--Reaction during Second Exposure to Increased Oxygen Tension
All rats surviving the 72 day period in 83.6 per cent oxygen were kept in normal air for 40 days. They were then reexposed for 10 days to the previous conditions of high oxygen concentration. No acute change in health occurred during this time, although a slow loss in weight was seen. There were no signs of acute oxygen poisoning either clinically or pathologically (11) . Five control rats, for which this was the first exposure, developed typical signs of oxygen poisoning beginning on the 3rd day. Unquestionably, during the first exposure the animals had become resistant to the toxic effect of this environment. Nine litters were born during the first exposure and all died. One litter was born in the second period of exposure, and six out of the eight young survived and developed normally. This was further evidence that some permanent adaptation had been produced. On removal to normal air all rats remained in excellent health, contrary to the outcome at the end of the first exposure when there was a mortality of 28 per cent. At the present writing, 214 days after the conclusion of this experiment, the survivors are in excellent condition.
Mortality Statistics
The mortality rates for males and females of different age groups have been compiled in Table I . Since a large number of rats were killed at different times during exposure, it was impossible to obtain accurate data regarding the mortality for the entire period. Nevertheless, an approximation has been reached by dividing the total number of deaths during exposure and decompression by the sum of the number of rats surviving the experiment plus the number dying during the experiment. less t h a n 120 d a y s old, while i n older ones the n u m b e r of d e a t h s was p r o p o r t i o n a l to the a d v a n c e i n age. T h e r e was no significant difference i n t h e m o r t a l i t y r a t e for males a n d females.
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Effect of Pregnancy
Six pregnant rats in the late stage of gestation were exposed with the others at the beginning of the experiment. Three of these were 9 months of age, and all died of acute oxygen poisoning, one as early as the 2nd day. The other three pregnant rats were 130 days old, and two of them died. The third survived and gave birth to a normal litter after she was r e m o v e d from the high oxygen. A p p a r e n t l y rats a d v a n c e d in p r e g n a n c y c a n n o t survive acute o x y g e n poisoning as well as n o n -p r e g n a n t animals of the same age. T h e e n c r o a c h m e n t u p o n the thoracic c a v i t y b y the enlarging fetuses is p r o b a b l y the cause of this increased susceptibility. R a t s entering 80 per cent o x y g e n in the early stages of p r e g n a n c y , as well as those becoming pregnant during exposure, were as resistant to acute oxygen poisoning as non-pregnant animals. The litters, however, were never carried to term under these conditions. Table  II shows the average weights of litters born during the experiment. Each survived for a few hours, but according to the birth weight given for normal rats by the Wistar Institute these litters were almost 50 per cent underweight. Nine litters were born during the first exposure of the mothers, and all died within 24 hours after birth. During the second exposure an acclimatized female gave birth to a litter on the 4th day, and six of the eight young survived. The mother remained in excellent health. This is a striking example of the difference in reaction of adapted animals, because during first exposure all the litters, and almost 100 per cent of the mothers advanced in pregnancy died. Furthermore, this litter was born on the 4th day of exposure when the symptoms of acute oxygen poisoning are most intense in non-adapted rats (Table II) .
The fertility of rats was not altered by prolonged exposure. Females living with males throughout the exposure had frequent litters.
DISCUSSION
Previous investigators have failed to demonstrate any acclimatization or adaptation of animals to toxic oxygen tensions (16, 20) . Although there may be several reasons for this, the most important is probably the fact that definite damage to the animal was not produced during the first exposure, so that there was no stimulation to the lungs or other defensive mechanisms of the body. Barach (20) kept rabbits in 60 per cent oxygen for a prolonged period in an attempt to produce acclimatization and then raised the oxygen tension to toxic heights, but oxygen poisoning developed in a typical manner. The exact border-line of toxic oxygen tensions has not been established, although the available evidence (2, 3, 3 4, 13, 20) suggests that it lies around 70 per cent of an atmosphere. Species variation to this toxicity may be expected, so that it can be assumed that 80 per cent oxygen is just at the border-line of dangerous toxicity for the albino rat. Whereas higher tensions might prove fatal during the acute * Bert (3), pp. 611 and 844.
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stage of oxygen poisoning, most rats are able to combat successfully the acute pulmonary edema produced by 80 per cent oxygen with eventual complete removal of exudate. The lung damage or stimulation leads to distinct changes in morphology (11) which persist for at least 53 days after returning to normal air. The significance of these alterations in the adaptation occurring in old rats and the difference in the reaction of young rats to acute oxygen poisoning is the subject of a second paper (11) to which we have frequently referred.
The gradual loss in weight, even though all signs of acute oxygen poisoning have disappeared, is conclusive evidence that the normal physiological processes are constantly altered during exposure. No satisfactory pathological changes were found in the first 30 days of exposure to account for this weight loss in animals remaining otherwise normal. After the 1st month of exposure the presence of chronic vascular lesions in the lungs (11) was confirmatory evidence of the toxicity of this environment, although no clinical changes in health could be detected. The effects produced by prolonged exposure to toxic oxygen tensions should be termed "chronic oxygen poisoning" in contradistinction to the pulmonary edema associated with acute oxygen poisoning. On removal to normal air the rapidity of growth indicated that the inhibitory effect of the previous environment quickly disappeared. The loss of weight during a second exposure in the absence of any clinical or pathological changes was again evidence of this alteration in the normal physiological processes. A certain number of determinations of basal metabolism were made upon animals under continuous exposure to high oxygen. While the subject should be explored further, it is safe to say that the metabolism was not increased, so the loss of weight may consequently be ascribed to loss of appetite, the final reason for which cannot be given.
The steady though subnormal gain in weight in young rats is probably in part due to greater resistance to oxygen poisoning and in part to a greater stimulus for growth in these than in adults, so that growth progresses in spite of the adverse environment. (e) Food and daily care were provided which induced normal growth in rats in the usual laboratory quarters.
2. The harmful factor in this environment was the increased oxygen tension. In our experiments the acute effects were active hyperemia and edema of the lungs, just as have been described by many investigators.
3. Only a small percentage of rats die from acute oxygen poisoning at the pressure employed. The majority return to good health objectively and survive several months of exposure.
4. Rats under 1 month of age display no clinical signs of acute oxygen poisoning, while in older animals the severity of the reaction and the mortality is directly proportional to the advance in age.
5. The symptoms of acute oxygen poisoning appear on the 3rd day of exposure in adults and reach maximum intensity during the 4th day, all deaths occurring at this time.
6. A continued weight loss is found in old rats, while the young gain weight, but not with normal vigor.
7. Adaptation to this toxic oxygen tension occurs in the albino rat during the first exposure, so that on reexposure acute oxygen poisoning does not develop.
8. Respiratory infection occurred sporadically in roughly 20 per cent of the normal adult rats in our laboratory colony. About the same incidence was found in the experimental rats during exposure; in most of these, chronic bronchiectasis and bronchopneumonia followed and proved fatal, indicating a lowered resistance in exposed animals.
9. Most rats exposed to an 80 per cent oxygen tension late in pregnancy have premature litters and die of acute oxygen poisoning, but if exposed early in pregnancy the majority survive.
10. Litters born during the first exposure of the mother are approximately 50 per cent underweight and die during the first 24 hours after birth.
11. A female, rendered resistant by a first exposure, produced a healthy litter during second exposure.
12. The continuous failure of adults to gain in weight and the fact that young animals grow slowly, together with the slowly progressing pulmonary pathology (11) , indicate that high oxygen tensions not only produce acute changes in the lungs but also some alteration in the normal physiological processes, which may be termed "chronic oxygen poisoning."
